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Cyprus Atmospheric Observatoi

Sensing

* A network of ground-based instruments at three
Cyprus Atmospheric Observatory stations :
sunphotometers, ceilometers, 1 lidar and 1 flux station.
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Impactor 1

UCASS 1

UCASS 2

Impactor 2

SENSOR

USE

Aerosol size distribution
0.4-20// 3-40 pum

Impactors (>1pum )

———
GPAC 5;?
| N

COBALD I: j i

Backscatter ratio
(2 orientations)

Aerosol size distribution
0.14-3.3 um

2nd ESA-JAXA EarthCARE In-Orbit Validation Workshop | 17 — 20 March 2025 | ESA-ESRIN | Frascati (Rome), Ttaly




CAO Nicosia-Cyl

I e S B CAO-Cyl Nicosia Overpasses 532 nm
vmreae | homdm | 123 | 121005 T T * 44 lidar profiles submitted in EVDC (July 2024 - February

25/07/2024 Friday 22:00:00 0:00:00 48611115 22:00:00 0:00:00 0.428 Clearsky

28/07/2024 Monday 11:00:00 13:00:00 5.364709 11:00:00 13:00:00 0.119 Clear sky

08/08/2024 Thursday 11:00:00 13:00:00 -37.669237 11:00:00 13:00:00 0.264 Clearsky 2 O 2 5)

14f08/2024 Wednesday 22:00:00 0:00:00 -61.737883 22:00:00 0:00:00 0.159 Clear sky

17/08/2024  Saturday 11:00:00 13:00:00 56.622207 11:00:00 13:00:00 0.141 Clear sky ° 20 d 1 f l d 2 4 1 g h 1
23f08/2024 Friday 22:00:00 0:00:00 -56.893179 22:00:00 0:00:00 0.394 Clearsky aytl m e p ro I eS a n n I ttl m e'
26/08/2024 Monday 11:00:00 13:00:00 19.0837 11:00:00 13:00:00 0.304 Cloudy . . . o
01/09/2024 Sunday 22:00:00 0:00:00 33.294286 22:00:00 0:00:00 0.161 Clear sky [ ] 31 p |’Of| I_eS W|th C le a r S ky C O n d |t| O n S
04/09/2024 Wednesday 11:00:00 13:00:00 -85.388822 11:00:00 13:00:00 0.274 Cloudy

11f09/2024 ‘Wednesday 11:00:00 13:00:00 62.998981 11:00:00 13:00:00 0.165 Clear sky M M . .

17/09/2024 Tuesday 22:00:00 0:00:00 -21.639679 22:00:00 0:00:00 0.07 Clear sky i EXt' n Ctl O n C O effl C I e nt @ 532

19/09/2024 Thursday 22:00:00 0:00:00 22:00:00 0:00:00 0.1 Clear sky

20/09/2024 Eriday 11:00:00 13:00:00 -27.383745 11:00:00 13:00:00 0.122 Cloudy ° V l d l 1 1 1 @ 5 3 2
26/09/2024 Thursday 22:00:00 0:00:00 66.781317 22:00:00 0:00:00 0.098 Clearsky O u m e e p O a r I Zatl O n ra tl O

29f09/2024 Sunday 11:00:00 13:00:00 30.20166 11:00:00 13:00:00 0.099 Clear sky

05/10/2024  Saturday 29:00:00 0:00:00 67.09159 292:00:00 0:00:00 0.081 Clear sky 2024-10-13 00:00:00

12/10/2024 Saturday 22:00:00 0:00:00 98.25164 22:00:00 0:00:00 0.221 Clear sky CE376

15/10/2024 Tuesday 11:00:00 13:00:00 52.42295 11:00:00 13:00:00 0.219 Clearsky

21f10/2024 Monday 22:00:00 0:00:00 15.50546 22:00:00 0:00:00 0.068 Clearsky 5 5

24/10/2024 Thursday 11:00:00 13:00:00 30.20165 11:00:00 13:00:00 0.074 Clear sky —— 532nm Klett (Sr =[60 60]) —— 532nm Klett (Sr =[60 60])
30f10/2024 Wednesday 22:00:00 0:00:00 67.09159 22:00:00 0:00:00 0.19 Clear sky 34 A
06/11/2024 Wednesday 22:00:00 0:00:00 98.25149 22:00:00 0:00:00 0.122 Clearsky 808nm Klett (sl" _[60 60}) 808nm Klett (sr —[60 60})
09/11/2024 Saturday 11:00:00 13:00:00 52.4231 11:00:00 13:00:00 0.181

15/11/2024 Friday 22:00:00 0:00:00 15.79428 22:00:00 0:00:00 0.132 Clear sky

18/11/2024 Monday 11:00:00 13:00:00 30.49042 11:00:00 13:00:00 0.049 Cloudy

24f11/2024 Sunday 22:00:00 0:00:00 66.80168 22:00:00 0:00:00 - Clear sky

01/12/2024 Sunday 22:00:00 0:00:00 -98.463314 22:00:00 0:00:00 0.192 Clear sky — L

04f12/2024 Wednesday 11:00:00 13:00:00 52.08085 11:00:00 13:00:00 0.167 Cloudy E E

10/12/2024 Tuesday 22:00:00 0:00:00 -15.716537 22:00:00 0:00:00 - Cloudy '_‘. ﬁ

13/12/2024 Friday 11:00:00 13:00:00 -30.541841 11:00:00 13:00:00 0.117 Clear sky a |

19/12/2024 Thursday 22:00:00 0:00:00 66.878438 22:00:00 0:00:00 0.271 Cloudy < E

26f12{2024 Thursday 22:00:00 0:00:00 21.485598 22:00:00 0:00:00 0.137 Clearsky?? v o

29/12/2024 Sunday 11:00:00 13:00:00 52.133204 11:00:00 13:00:00 - Cloudy ?? o o

04/01/2025 Saturday 22:00:00 0:00:00 15794205 22:00:00 0:00:00 0.287 Cloudy E E

07/01/2025 Tuesday 11:00:00 13:00:00 30.490323 11:00:00 13:00:00 0.242 Clear sky o o

13/01/2025 Monday 22:00:00 0:00:00 66.801758 22:00:00 0:00:00 - Clear sky?

20/01/2025 Monday 22:00:00 0:00:00 98.539374 22:00:00 0:00:00 0.063 Clear sky

23f01/2025 Thursday 11:00:00 13:00:00 52133204 11:00:00 13:00:00 - Cloudy

29/01/2025 Wednesday 22:00:00 0:00:00 15.794205 22:00:00 0:00:00 0.209 Clear sky

01/02/2025 Saturday 11:00:00 13:00:00 11:00:00 13:00:00 0.143 Clear sky

07f02{2025 Friday 22:00:00 0:00:00 22:00:00 0:00:00 - Clear sky

14f02/2025 Friday 22:00:00 0:00:00 08.69322 22:00:00 0:00:00 - Clear sky

17f02/2025 Monday 11:00:00 13:00:00 51.97837 11:00:00 13:00:00 - Cloudy

o 100 200 300 400 %00 25 50 7.5 10.0
Extinction coefficient [Mm~1] Backscatter coefficient [Mmsr—1]
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UAV Orounda and Helmos

Distance to Version
Overpass Timestamp Sensor Flight location |mid swath (km) |[POPS/UCASS)
2024-09-27T12:16:49.811356 UCASS & POPS |Orounda 194.8794 |v2/vl
2024-10-14T12:59:47.409143 POPS Helmos 139.9733|v2/
2024-10-16T12:48:18.619940 UCASS&POPS Helmos 107 (w22
2024-10-25T12:44:51.326743 POPS Helmos 183
2024-11-01T712:51:45.324149 POPS&UCASS |Helmos 2447496 |vlfv2
2024-11-25T12:12:16.197366 POPS Orounda 123.33 2/
2024-12-04T12:07:20.125043 POPS&UCASS |Orounda 18.356014 [v2/v1
2024-12-137T12:03:50.228929 POPS Orounda 56.26793 [v2/
2025-01-14T12:10:36.291175 POP3&UCASS |Orounda 1092/l
2025-01-23T12:06:49.181911 POPS Orounda 26 w2/
2025-02-01T12:03:00.582339 POPS&UCASS |COrounda 26 [v2 /vl
2025-02-08T12:10:15.936332 POPS&UCASS |Orounda 107 w2/l
2025-02-26T12:02:33.832640 POPS&UCASS |Orounda 56 w2 vl

USRL Orounda and Helmos UAV profiles

* 13 profiles submitted in EVDC (September 2024 -
February 2025)

* 9overpasses over Orounda and 4 over Helmos
during the CleanCloud campaign

* 5 flights only with POPS, 8 combined POPS and
UCASS

* 4 profiles coincident with Lidar/Nicosia
measurements
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Methodology

e Data Acquisition: ATL-EBD and ATL-TC EarthCARE products corresponding to the predicted overpass
frames over Nicosia and Orounda were retrieved from ESA’s Online Access Dissemination System
(https://ec-pdgs-dissemination2.eo.esa.int/). Baseline AC

e Spatial Selection: EarthCARE products were extracted for overpasses occurring within 100 km of the
Nicosia (Orounda) station. The distances between EarthCARE's latitude/longitude coordinates and the
ground station were computed using the haversine formula.

e Cloud Filtering: Cloud-contaminated profiles were masked and excluded from further analysis to
ensure a direct aerosol comparison. The simple classification scheme from the ATC product was used
for masking the clouds.

e Profile Averaging: Mean vertical profiles of Backscatter Coefficient, Extinction Coefficient, Lidar
Ratio, and Particle Depolarization Ratio were computed for the selected profiles (within 100 km)
after cloud screening, enabling direct comparison with ground-based lidar and UAV measurements.
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https://ec-pdgs-dissemination2.eo.esa.int/

20250201 EBD and ATC EarthCARBIBfoducts

ATL-EBD To!al attenuated mie backscatter frame 038670

= ol

Z EF combined c!cudiaerosol target class:ﬂcatlon ~ frame 038670
210 0’ Z EEER e Ba'E EEr o 8 ; 3
o o

Sllj_ll_ll_llllllj_l||1'|||J_'1_LI_I._LJ.'IJ_LJ_I_L'J.JJ_J

e = S e, e % ECA_E: TL TC_ 2 ugsuzowﬂsu;z 20250201T14D0462_038670 Jz ko

b s g Dust Sea ntinenta 108 Uhinown

FREES W a7 Ll ua 13 MATE 1 ] 104; Unknown
Tirme, 2025-02-01 4 u 102103

101: Unknown

b,'!. . N PtT.IT-.EB‘J rayleigh channel attenuated ha:ksc.iallgr . frame c:tae‘ﬂ_:r ! m IX C lo u d S S a l't * p O llu ti O n g; g:::;g:ghh:: ﬁ:’;rc;:

= 25: Stratosphenc Ash

3 - 22 Stratosphens ice
2L NAT

20: 575

15: Dusty mix

Height [km]

a - - - - _._ - — E'E"" — — — T T T T 10 zég;:iﬂz?fﬂﬁségﬂ@Wd s no dats
e B =0 miﬁz?-%? i55 b -k g;gﬁg&xﬂ;ﬁ#&:}? Channals : Egg;‘np"ﬁ:m,s
.& - ATL-EBD lotal altenuated backscalter frame 038670 a 120310 12:03:15 12:03:20 12:03:25 12:03:30 (UTC) e
- 3 AE - i YT MBrE el 14;18:41 14:18:27 14:18:13 14:17:59 14:17:45 (LST)
107 Time, 2025-02-01
ECA_EXAC_ATL_EBD 2A_20250201T1154432 20250201T140046Z_03867D
"E‘ w® C{}r.grpass Tlme::__2:025-02-[l1 1%:03'.06 to 20_2.5.-02101 12:03_:5!.1 . .
z _ EN RN 7 ¢ Closest overpass: ~33 km east of Nicosia and ~59
= e e e e | B \\_/_,w— km east of USRL Orounda.
... i « Stratospheric aerosol layer (sulfate): Observed
I DO U O A D SO Do I i at~20 km altitude, not detected from the ground.
BCA_EXAC ATL RBD_ 28 0700011184430 08I T WHO004AZ 117D - ’ .
o & i H.v._.nD g / — ¢ Continental pollutl.o'n: the main agrosol type
4 o & based on ATC classification, reaching up to ~2.2
0 l.*'m‘:;;"rw::g; e w--s'z__-.n—-‘a::-z..,-..:u_-:;:;; e -:;:t': ai 5 \;\\\*\___,_u,-——")’fq_w .,: : km'
R , " « Sea salt and dust-dusty mix: Classified by ATC
eﬁ\ - " ﬂ:\ITL-EBD e)mnc_ﬂpr] o backsca_.ttierratlo at 35_'5!.1n‘| ; is _.mnncm?p ; A

: = g ; . @  USRLOruunda
T BT e ST e mRn T ] g 100 - 100 km Redhis
@ Clonest Point

over the sea to the northeast, extending up to 3 km.

g R —‘“——-; © o S * Sea salt beneath clouds: Possible artifact?

Time, 2025-02-01
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20250201 comparison with lidar _aSu&ements o €esa

ECA_EXAC_ATL _EBD_2A 20250201T1154432Z 20250201T140046Z_03867D \/
(b) (c) (d)

— Average EathCARE profile 355nm

= Av erag e EarthCARE profile 355 nm
Mean +1 Std & Mean £1 Std

b —— Pol IIyXT erBSC_klett_355 x LR —— PollyXT ParDepol_klett_355
oeff_532_Nicosia —— PDR_Nicosia_532

e tae t

 EarthCARE
overpass 12:03:07 -
12:03:31
* Nicosia lidar 532 nm
‘ average 12:00 -
T 12:30 UTC
* PollyXT Limassol
average 11:42 -

— T 4 H O H2 eI aC

Altitude (km)

QO q,.(:) O 9 :\00 ;\60 Q,QQ N O Q0 o7 g.b' Qo
Bsc. Coef. Ext. Coef. Lidar Ratio PDR
Mm~ sr1] (Mm~1] [sr] [-]

* Nicosia Lidar: extinction coefficient @532 nm remains ~100 Mm™" up to ~1.8 km, then decline reaching near-zero
at~2.4 km, low PDRB 82356

 PollyXt Limassol: extinction coefficient @355 nm ~100 Mm~" up to ~2 km, reaching zero ~2.4 km, low PDR (~3%)

« EarthCARE EBD: extinction coefficient @355 nm remains ~100 Mm™" up to ~1.8 km, then decline reaching near-
zero at ~2.4 km, low PDR (~6%)

* Both Nicosia and Limassol Lidar profiles are compatible with continental pollution in line with EarthCARE ATC
classification
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Fine Particles |

[$4]

£
T
=~
T

()

Altitude ASL (km)
w
Altitude ASL (km)
T[T

[~
r
T

UCASS

- Coarse Particles |

dNdlogRp (cm ™)

dvdlogRp {(pm?/ cm?)

=]

Concentration 1/em?

POPS concentrations >1000 particles/cm?3, UCASS
significantly lower concentrations ~1 particle/cm3
POPS: well-mixed aerosol layer confined below ~2.2 km,
similar with extinction coefficient observations from lidar
and EarthCARE

number size distribution indicates a dominance of fine-
mode particles (<0.3 um), consistent with EarthCARE ATC.

1 1 1
0.6 0.8 1

Concentration 1/em?

dNdlogRp (cm—?)

dvidiogRp (pm3/ cm?)

20250201
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L ]
%o o, distribution
10 : -‘0...
5 ... %
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10°
107 »
it 2 volume size
101 "1 ... e ! . . .
N O S distribution
8
10—t e 100 o
Particle Radius, Rp (pm)
20250201
107 Sagy - Bttt daerad
il e, number size
% o . o
® 7 % eees distribution
%% o
. ®
1077 =1 T 1
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10*
. °
il T I volume size
1 L] ... e * I . . .
1 ot o o distribution
[ X g
10°- i o i
=1 - (] 1
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Haight [krm]

Height [km]

Height [km]

b) ATL-EBD rayleigh channel attenuated backscater

2IERIE
IR
Time, 2024-10-30

frame 024128

23y a0
0 e

B

o
|E|'l| 2024-10-30

ATL-EBD total altenuated backscatler

frame D24128

d)

'I e, 2024-10-30

ATL-EBD linear depoiarization ratio
at 355nm from the ATLID data

T |

z 4 .I:..I ' : I I I.I ? :
:'ﬁk ; & I8 -

T T e e e e g e
e o - e Sl Bt Bt M= N = i ol i i o —as B
23 ?Il 35 )J.i!; 40 (UTC)
o1axn 014096 (LS,
Time, 2024- 103
&) i ATL-EBD extinction to backscatter ratio at 355nm frame: 024126
30 = = ECA EXAC AT) ETY 0011 BT,
20
—————
104
— _—
o - z L = |
232335

233330
acas

[IETET
Time, 2024-10-30

T
22TIAC (T
14010 LST)

b

[srimY

[srim™Y]

17N 34.9'N 35.0°N

M 4E 34.3°E 34.3°E J-i 3F

5 [ L S T N |

__ combined cloud/aerosol target cla55|fcatron _

- frame0241gl_B )

"'-_' I'

Dusty Mix

107: Unknown
106 Unknown
105: Unknewn
104: Unknewn
102:103

101: Unknown

Cﬁﬁflﬁéﬁ’fﬁ Sea salt
POllUt' on, 27 s se

BPOTE e i 25 Stratesphens Ash
5% Slnto. e o

15 Diusty mix
la Dusw smoke

Sea salt?

].2: Contlnenta~ Pollution

23:23:30
01:40:45

ECA_EXAC_ATL_EBD 24 _Z0241030T232013Z_20250110T111009Z_024128
Ovarmbs Time: [2024-10-30 23: 23 357

11: Sea salt

10: Dust

3 lee Cloud

2: (Supercooled) Liquid Cloud

tll g_":‘:m L ot %ﬂg no data

—1: Molse In both Mie & Ray Channels B :%“g-:gteow
—2: Surfacs or sub-surface E# anrosol

=3 Missing Data
23:2335
01:40:31

Time, 2024-10-30

23:23:40 (UTC}
01:40:16 (LST)

* Closest overpass: ~59 km east of Nicosia

 Stratospheric aerosol layer (sulfate): at ~20 km
altitude from ATC classification, not detected from
the ground.

_« Continental pollution: The dominant aerosol type.

* Dusty mix: Over the sea to the southeast, extending
from ~2.5 to ~3.3 km, according to ATC
classification.

e Sea salt: Classified by ATC in the northeast and in
some layers above continental pollution, between
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20241030 comparison with lidarMeastren £ Cesa

ECA_EXAC_ATL_EBD_2A 20241 030T232013_20250110T‘111001Z_024128 .- \/ /
6 (b) . (c) (d) .
= Average EarthCARE profile 355nm = Average EarthCARE profile 355nm
Mean 1 Std L Mean 1 5d
= PollyXT aerBSC_klett_355 x LR = PaollyXT ParDepol_klett 355
54 — —— ext_coeff 532 Nicosia — ' Nicosia. 532 ° E a rth C ARE
_ overpass 23:23:29 -
£ R — 23:23:44
E - \‘} * Nicosia lidar 532 nm
: il I i average 23:20 -
| | 23:30 UTC
. HH 1t * PollyXT Limassol
P —— i average 23:00 —
| | U LI L | | | LI DL B o
AasiHEAC
o9 .—L’fa Q ,\QQ \60 '?90 Q N o0 o ok 0
Bsc. Coef. Ext. Coef. Lidar Ratio PDR
Mm~tsr 1 Mm~Y [sr] !

« Nicosia Lidar: extinction coefficient @532 nm remains ~100 Mm™" up to ~2.8 km, then decline reaching near-zero
at ~3 km, no other layer above this altitude, PDR53206%n

* PollyXt Limassol: extinction coefficient @355 nm <100 Mm™ up to ~2.5 km, elevated aerosol layer ~3.3 km, PDR:
~14%

« EarthCARE EBD: extinction coefficient @355 nm between ~120 and ~160 Mm™" up to ~3.2 km, then decline
reaching near-zero at ~3.4 km, PDR: ~10%

+ HigherViRRand PRRates indispteasianion phavist {2 tgAeTesphmixtyre, as classified by the ATC.
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20241101 EBD and ATC EarthCA

Heaight [kem]

Height [km]

Haight [km]

Height [km]

Height [km]

ATL-EBD total attenuated mie backscatter frame 04260

combined cloud/aerosol target classification
3IB2'N 38.1°N 1/ 9°N 7.7

Gat:l;cts

frame 024360

37,51 |
= E 22 324 E 22.4°E 553 S
w77 ey o SRR IR Ll | LY T ! [ [ SN T T N | | T S I S [T [, LI [ N L
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irru . 105: Unknown
il Continental| i

b} ATL-EBD rayleigh channel attenuated backscatier

101: Urknown

27: Stratosphenc Smoke
26: Slrataspheric Sulfate
25: Stratospheric Ash
22: Stratospheric ce

Pollution

Heigﬁi [km]

T
AT EE
W Es

1752405
EEET

W WE0n
Time, 20241101

) . . . ATL-EBD lotal atlenuated backscatler

12:52:05 12 o
14:22:40 14:22:23
0 - T . e p—— ECA_EXAC_ATL_EBD_2A 20241101T1244242 20250110T1011292_02436D
e brizcil i 3 e Overpass Time: 2024-11-01 12:52:02 to 2024-11-01 12:52:28
Tithe, 2024-11-01 21'E 2E 23E 20°E
ATL-EBD linvear depalarization ratio |
d) at 355nm from the ATLID data Trame 024360
T AT R T T TR R
204
10 - S STV " — —
P i, et i b T Lo Y et st oo Sl e SMR
rasacs 1251 135 1252 " sz g
2240 W 10500 RLESE L) 14:2130 (LET)
Tima, 2024-11-01
e} p ATL-EBD extinclion lo backscaller ratio at 3550m ramo 024350
. = - : ECA_EXAC_KTL_EBD. 24 : R2_M243E0)|
20
1
o e - —— ——— — e — g —
5% T B R T
1 42 220 3 138 |L8T)
Time, 2024-11-01 — EarthCARE Overpass
W Haroe QL,_/—-'
=== 100 km Radius
@ Closast Point

Dusty mix

Z1: MAT

20: 5758

15: Dusty max

14: Dusty smoke

13: Smoke

12: Continental Poliution

11: Sea salt

10: Dust

3: loe Cloud

2! {Supercocted) Liguid Cloud
1; (Warm} Liguid Cloud

0; Clear

—1: Noise in both Mie & Ray Channels
—2: Surface or sub-surface
=3: Missing Data

arm liquid Sea
Clouds salt?

ne data
unknown
hydromelears
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* Closest overpass: ~24 km east of Mt. Helmos

* Dusty mix: Major classified type by ATC, up to
~2.5 km.

 Continental pollution: Classified by ATC too.

 Sea salt beneath clouds: Possible artifact?
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* First analysis suggests that ATLID, the ground-based lidars and the UAVs show a consistent picture of the
observed aerosol layers and aerosol types over Cyprus

* To be investigated: Spatial Variability in Aerosols: Averaging all cloud-free profiles within 100 km may
introduce biases, as different aerosol types (e.g., sea salt over the sea) contribute to the signal, potentially
affecting direct comparisons.

* ATC: Possible artifacts beneath clouds or classified as sea salt aerosol layers above continental pollution
layers.

* Future data acquisition efforts: Identify Stronger Aerosol Events: Focus on cases with
stronger aerosol signals (e.g., dust events) to enhance the comparison and validate
EarthCARE’s ability to capture high-aerosol-loading conditions.

“Until February 2025, the CYI activity for EarthCARE cal/val has been in part supported by ATMO-ACCESS through the EarthCARE cal/val pilot, 2=
however this project has now come to an end. Moreover, activity at Mt. Helmos in October 2024 received support from the CleanCloud 6%3
QU

project. From March 2025 there is an uncertainty in the amount of resources that can be dedicated to this activity, due to the current funding
status, but we will do our best.”
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